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Abstract— We demonstrate that the rate of resonance energy 
transfer can be extensively controlled through an applied off- 
resonant radiation ﬁeld under favourable physical conﬁgura- 
tions of the quantum  dots. 
I. INTRODUCTION 
Nanotechnology offers means to study and fabricate atom- 
like nanostructures with discrete energy transitions, which 
arise from band splitting due to the quantum conﬁnement ef- 
fect, commonly termed quantum dots (QDs). Thus, quantum 
dots are becoming increasingly prominent at the very heart 
of modern nanophotonics [1], [2]. Moreover, the exciton- 
exciton interactions through nonradiative resonance energy 
transfer (RET) in QDs has enabled exciting opportunities in 
many applications. It emerges that a throughput off-resonant 
laser beam can produce signiﬁcant additional effects on the 
process of RET between two nanoparticles   [5]. This is   due 
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to coupled absorption and stimulated emission of photons 
from and into the applied beam. Nevertheless, a complete 
understanding of laser controlled RET in dimensionality 
constrained nanostructures (i.e. quantum dots) is still lacking. 
The origin of these complications is deeply rooted in the 
nature of the exciton and photons mediating the transfer 
process. Therefore, In this paper, our main aim is to study  
the effects on the RET process due directly to a laser ﬁeld 
impinging on a QD  system. 
II. OPTICALLY CONTROLLED RET 
Since the RET process is fully quantum mechanical in 
nature, it can be formally described within the framework of 
quantum electrodynamics (QED) [3], [4]. We ﬁrst derived 
the optically controlled RET rate for QDs by using the 
second and fourth order time dependent perturbation theory, 
and by applying the Fermi’s golden rule   [3], Γlaser    = 
Fig. 1.    Schematics for the (a) laser assisted resonance energy transfer;  (b) 
relative angles associated with the quantum dots transition dipole  moments, 
R is the distance between two quantum   dots. 
 
 
III. DESIGN GUIDELINES 
a) RET rate enhancement: The RET rate can be en- 
hanced efﬁciently, when the optimal conﬁguration of the QD 
particles is implemented. Here, fast transfer occurs between 
nearby sites when the QD transition dipole moments and 
the separation vectors are collinear (θDA = θD = θA = 0, 
corresponding angles are given in Fig. 1 (b)). The transfer 
rate enhancement with increasing laser intensity for this 
scenario is depicted in Fig. 2 (a), (d). The results demonstrate 
that even for moderate laser intensities (I ≈ 1016 Wm−2), 
up to 50% rate enhancements can be achieved. 
b) RET  rate  deterioration:   When  cos(θDA)  =  π, 
cos(θD) = π (or 0) and cos(θA) = 0 (or π), total energy 
2πρ 
.
 . (2)
.2
 . + 2πρ 
.
 .M (4)
.2
 . + 4πρ Re{M (2)M (4) } where k is transfer  efﬁciency  declines  until  it  reaches  its   minimum 
k 
.
M 
. 
k 
. . 
k
 
the reduced Plank’s constant, ρ is the density of ﬁnal states 
of the acceptor, M (2),M (4) are second and fourth order 
coupling matrix elements respectively. Furthermore, the third 
term represents the quantum interference of the RET process 
and signiﬁes the controllability of the RET due to the laser 
ﬁeld. Here, the off-resonant laser ﬁeld is applied to stimulate 
and control the energy transfer process [5], [3] (see Fig. 1 
(a)). 
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point when I becomes 2.66 × 1017 Wm−2. After this point, 
the total energy transfer rate steadily elevates its value and 
ﬁnally starts dominating the direct transfer rate when I “ 
5.32 × 1017 Wm−2 (see point X in Fig. 2 (b)). Fig. 2 (e) 
illustrates reduction and enhancement of the transfer rate as  
a function of increasing laser  intensity. 
c) All-optical switching: The direct coupling has been 
“switched off” between QD particles by arranging them  
such that the transition dipole moments are perpendicular     
to each other and donor-acceptor separation vector, allowing 
full control to the laser driven transfer (see Fig. 2 (c)). In this 
case, optical switching can be produced by the throughput  
of a single off-resonant beam [6],  [7]. 
d) Distance dependence:  Owing to the (R)−6   distance 
dependence  on  the  total  transfer  rate [3],  lower relative 
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Fig. 2. Transfer rates of the direct RET, laser driven RET, quantum interference and the total RET rate for three non-trivial geometries (κ = −2, 2, 0) are 
shown in (a)-(c) respectively as a function of the laser intensity; (d) percentage of rate enhancement when κ = −2; (e) percentage of rate enhancement      
and deterioration when κ = 2; (f) transfer rate as a function of I, for three orientational factors (κ = −2, 2, 0) and corresponding two relative distances      
(3 nm, 4 nm) between D and A. The solid and dashed lines represent rates for 3 nm and 4 nm respectively. 
 
 
spacing between donor and acceptor particles leads to a 
higher transfer efﬁciency as shown in Fig. 2   (f). 
It can be seen from the results that the RET efﬁciency   
can be effectively controlled by altering the laser irradiance, 
orientation of transition dipoles and also by varying the 
separation distance of QD pair. It is also important that the 
laser radiation should be off-resonant, in order to prevent 
direct excitation of either  QD. 
 
IV. CONCLUSION 
 
In this paper, we have demonstrated the possibility of 
altering the strength and directivity of RET between two QDs 
by careful engineering of the geometry of the system and ap- 
plying an auxiliary laser beam, hence altering the efﬁciency 
of the RET.  Further, we have proposed design guidelines   
for controlling RET, using quantum electrodynamical tools. 
In addition, the proposed design guidelines can help in the 
optimization and the design of novel antenna devices for  
high efﬁciency light harvesting systems and hold potential 
for optical transistors, optical logic  gates. 
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